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A multi-functional fibrous monolith structure comprising: 
an inner ceramic phase; 
an intermediate metal phase; 

i outer ceramic phase. 
Tnb multi-functional fibrous monolith structure in Claim 1 wherein the 
intermediate metal p\ase is a interface strip deposited in a controlled array format to allow for 
strain measurement. 

3. The multi-iKjnctional fibrous monolith structure in Claim 1 wherein the 
intermediate metal phase is a n^terface strip deposited in a .controlled arraj^format to allow for 
temperature measurement. 

The multi-functional fibrous monolith structure in Claim 1 wherein the 



intermediate metal phase is a interface smp deposited in a ^controlled array format to allow the 
measurement of damage propagation. 



20 



5. The multi-functional fibrous monolith structure in Claim 1 wherein the 

intermediate metal phase is a interface strip deposit©5^ in a controlled array format to allow for 
temperature measurement and strain measurement. 

6. The multi-functional fibrous monolith sb:ucture in Claim 1 wherein the 
intermediate metal phase comprises W and Re. 
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The multi-functional fibrous monolith structure in Claim 1 wherein the 
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inner c^ii^ic phase is ZrBj, the intermediate metal phase is BN, and the outer ceramic phase is 

b[c. 

8. The multi-functional fibrous monolith structure in Claim 1 wherein the inner 
ceramic phase is Tungsten Carbide, the inner metal phase is a Tungsten-Iron-Nickel Alloy, and 
the outer ceramic phase issTungsten Carbide. 

9. The multi-functional fibrous monolith structure in Claim 1 incorporated in a drill 
(bit insert^tapable of measuring suain during driUing operation. 

10. The multi-functional Mrous monolith structure in Claim 1 incorporated in a 



lachinetopl^apable of measuring stratf 

11. The multi-functional fibrous^nonolith structure in Claim 1 incorporated in rocket 



^ ( nozzle capable of generating an electric current) 

U1 



12. The multi-functional fibrous monolith structure in Claim 1 incorporated in a 



^ brocket nozzle capable of measuring temperature. 



^5 13. The multi-functional fibrous monolith struWure in Claim 1 incorporated in a drill 

(^bitjcapable of measuring temperature and strain during drilliW operation. 

14. The multi-functional fibrous monolith structure in Claim 1 incorporated in a 
^ electrOHi'C'^easing to prevent neutron-related damage of electronicsWhind the casing. 

15. A method of fabricating a piezoelectric/ electro^trictive structure having 
20 embedded electrodes comprising the steps of: 

combining a electro-mechanically active ceramic material fleeted from a group 
consisting of lead zirconate titanate, lead lanthanum zirconate titanate, leaii barium zirconate 
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late, lead stannate zirconate titanate, lead magnesium niobate, and mixtures thereof with a 
themibplastic polymer binder and a polymer plasticizer to form a first composite blend; 

combining a electrically conductive material with a thermoplastic polymer binder 
and a polymer plasticizer to form a second composite blend; 

wan^ pressing the first composite blend to form a first feed rod having an axial 

core; 

removingNhe axial core of the first feed rod to form a tubular feed rod having an 
inner diameter and an outer idiameter; 

warm pressing the second composite blend to form a second feed rod having outer 
diameter corresponding to the innefe diameter of the tubular feed rod; 

placing the second fc&^ rod into the tubular feed rod to form a composite feed 

rod; 

extruding the composite feed rod to form a reduced diameter composite filament; 
consolidating multiple compositeyfilaments to create a multi-filament feed rod; 
extruding the multi-filament feea\rod to produce a composite part having 
piezoelectric and electrostrictive properties. 

16. The method of claim 1 wherein the electJi^cally conductive material is a ceramic 
material. 

17. The method of claim 1 wherein the electricaU\ conductive material is a metal 
material. 

18. The method of claim 1 wherein the electrically condii^tive material is a mixture 
consisting of a ceramic material and a metal material. 

19. A composite part construction comprising: 
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\ a first phase comprising a ceramic material selected from a group consisting of lead 
zirconate titanate, lead lanthanum zirconate titanate, lead barium zirconate titanate, lead stannate 
zirconate\titanate, and lead magnesium niobate consisting of piezoelectric and electrostrictive 
ceramics anosinixtures thereof; and 

a seconck phase comprising a material that is different than that used to form the first 
phase, the second phase being in contact with at least a portion of the first phase, wherein the 
composite part constraction includes repeated structural units each comprising an ordered 
microstructure of first and steond phases. 

20. A fibrous monoli^iic structure comprised of 
a core material and a^ell material 

wherein one of the matends comprises an electrically conductive material and the 
other material is an electrically insulating material. 

21 . A fibrous monolithic structure cornprised of a core material and a shell material 
wherein only one of the materials is a piezoelectric material. 

22. A fibrous monolithic structure compriseojof a core material surrounded by a shell 
material in tum surroimded by a second shell material wh^ein the core and second shell 
materials comprise different electromotive potentials. \ 

23. The structure of claim 22 including circuit meanslaetween the core and second 
shell materials. \ 

24. The structure of claims 21 or 22 including means for measuring the electrical 
potential between the core material and shell material. \ 
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